Overall goal of the research reported in this paper was to determine if, and to what extent, age affects functional anthropometry of older Mexican American adults. Primary objectives were: (1) to determine if age affects limiting functional outer fingertip and grip reaches, for women and men separately; and (2) to determine, through a crosssectional comparison, if functional anthropometric measures of older Mexican American females and males are different from a younger group of Mexican American females and males. Determining through factor analysis, a smaller number of explanatory factors from 15 different observed functional anthropometric measures observed was a secondary objective. Older Mexican American women and men, aged 60-85, recruited from Senior Centers in El Paso, and young Mexican American adults, aged 20-29, recruited for the study from the student body at the University of Texas at El Paso, were participants in the study. Stature, several vertical fingertip and grip reaches, and several horizontal fingertip and grip reaches, among other dimensions, were measured. Linear regression models were fit for older women and men separately, with age as the independent variable and functional anthropometric dimensions as dependent variables. Two-sample t-tests were conducted to analyze cross-sectional differences between the older and young Mexican American females, and older and young Mexican American males. Regression analysis results show a significant linear relationship between age and sitting height for females (po0:05), and stature (po0:05) and sitting height (po0:05) for males. Cross-sectional two-sample t-tests show statistically that older Mexican American female stature, vertical fingertip reach, vertical reach angle, sitting height, horizontal fingertip reaches at 0 and 90 , horizontal lateral fingertip reach, horizontal reach angle, horizontal grip reaches (lateral, and at 0 and 90 ), mean grip diameter, and finger angle, are significantly different from Mexican American young females. Stature, vertical fingertip and grip reaches, vertical reach angle, sitting height and horizontal reach angle are significantly different between older and young Mexican American males. None of the horizontal reaches were significantly different for males. Overall, functional reach differences in Mexican American women were found to be more pronounced than functional reach differences in Mexican American men.
Introduction
Older Mexican American women and men report higher degrees of functional limitations in activities of daily living compared to other older adult populations, including older Whites, African Americans, and other Hispanic older adult groups (Markides et al., 1989 (Markides et al., , 1997 (Markides et al., , 2001 De Arellano, 1994; Pennathur et al., 2003) . While there is clear evidence of limitations in performing daily living functions among older Mexican American women and men from self-reports, there is little documentation on older Mexican American anthropometric functional reaches. There is anthropometry data (mostly static anthropometric dimensions), on several older population groups in the world. Smith et al. (2000) contains data on older adult anthropometry from all over the world. However, anthropometric reach profiles of older Mexican Americans are non-existent. Based on a survey of functional anthropometry, this paper reports findings from a cross-sectional study of reach abilities of older Mexican Americans and compares older adult reach abilities with a younger cohort of Mexican American adults.
Materials and methods

Study participants
Older Mexican Americans aged 60-85 were recruited from Senior Centers in the City of El Paso. The number of older women in the study varied from 42 for some dimensions to 106 for other dimensions. The number of older men in the study varied from 16 for some dimensions to 40 for other dimensions. All older persons, who participated in this study lived independently in their own homes, were of sound health, and did not report any major medical problems. Older participants did not use walkers, wheelchairs or canes for improved mobility. A younger group of Mexican Americans aged 20-29 was recruited from the student body at the University of Texas at El Paso. The number of young females in the study varied from 4 for some dimensions to 19 for others, while the number of young males varied from 18 for some dimensions to 33 for others. All participants signed informed consent forms approved by the Institutional Review Board at the University of Texas at El Paso. All participants in the study were provided token complimentary gifts from the University of Texas at El Paso for participation.
Experimental methods
Equipment used
Anthropometric dimensions were measured with a Swiss-made GPM anthropometer #101 and the Lafayette Instrument Company's #J00200 goniometers. For measurement of older persons, all measuring instruments were transported to the senior centers for data collection. The younger group was measured in the research laboratory at the University of Texas at El Paso. Sitting height and all horizontal reach measurements were made with subjects in a seated position. Subjects were seated in a chair with a flat seat pan positioned 40 cm from the floor level and backrest positioned 17 cm vertically from seat pan. The backrest was 40 cm in height. No adjustments were made to chair dimensions during the study. A radial scale with different radial degree markings in increments of 10 was used as a reference scale for horizontal reach measurements. A plumb bob attached to the end of a small chain as described by Asfour et al. (1978) was used align the arm to the radial scale.
Protocol for measurements
Anthropometric measurements obtained from this study (illustrated in Figs. 1 and 2 ) are based on protocols as outlined primarily in Wright et al. (1997) , and also in Pheasant (1996 ), Roebuck, (1995 and Smith et al. (2000) . All participants were provided adequate rest (self-determined as and when needed) between measurements to minimize effect of static fatigue. Stature was measured from a level floor to the crown on the head. Participants were instructed to stand with their backs and shoulders against a wall and the palms of their hands facing the sides. Standing with feet slightly apart, and feet firmly planted on the ground, participants were asked to inhale while stature was measured using an anthropometer.
While standing in the same position used for stature, the distance from floor to tip of the third finger of the extended arm was measured as the Vertical Fingertip Reach. Vertical Grip Reach was measured as the same distance as for vertical fingertip reach, except that the participant was now instructed to grip a pointer. While measuring vertical grip reach, the angle between the raised arm and the longitudinal axis of the body was measured as the Vertical Reach Angle. For all vertical reach measurements, participants were instructed to use their dominant arm, and flex their shoulders in the sagittal plane. Participants also fully extended their elbows and fingers and kept their wrists in a pronated, neutral position.
Sitting Height was measured as the distance from the sitting surface to the crown of the head (Roebuck, 1995) . Participants sat erect in the chair with backs and shoulders against the backrest of the chair, and looked straight ahead when sitting height was measured.
Horizontal Fingertip Reach at 90 , was measured in a sitting position as the distance between the center of the radial scale and the tip of the third finger. Horizontal Fingertip Reach at 0 was measured similar to horizontal fingertip reach at 90 , except that participants were instructed to move the arm to zero degrees. Horizontal Lateral Fingertip Reach was measured in the same manner as horizontal fingertip reach at 90 , but participants were required to move the arm as far as possible in adduction across the front of the body. Horizontal Lateral Reach Angle was measured as the angle between the position of the arm at horizontal lateral fingertip reach and 0 . Horizontal Grip Reach at 90 and 0 , and horizontal lateral grip reach, were measured similar to horizontal fingertip reaches at 90 and 0 , and horizontal lateral fingertip reach respectively, except that participants were instructed to grip a pointer (Wright et al., 1997) . The circumference made when the end of the thumb touches the end of the middle finger was measured as the maximum grip diameter (Pheasant, 1996) . The angle made by the index finger when it gradually bends for a period of 3 s was measured as the finger angle (Wright et al., 1997) . The distance from a level floor to the bottom of the raised preferred foot was measured as the maximum step height when ascending.
Data analyses
All functional anthropometry dimensions measured in this study were separated by males and females. Descriptive statistics, including means and standard deviations were calculated for every dimension for older and young males and females separately.
To determine the cross-sectional effect of age on functional anthropometric dimensions for older persons measured in this study, linear regression models were fit to male and female data separately. Age was the independent variable; the dependent variables in the analysis were stature, sitting height, step height, vertical fingertip reach, vertical reach angle, horizontal grip reach at 0 and 90 , and horizontal fingertip reaches at 0 and 90 . To enable cross-sectional comparison of older persons' dimensions with the young, a two-sample t-test (with an assumption of unequal variances, due to different sample sizes) was conducted, in addition to generation of 95% confidence intervals for differences in mean dimensions between the older persons and the young. A factor analysis using the principal components method (using an initial communality estimate of 1), for females and males separately was performed to extract important functional anthropometric measures from among 15 anthropometric variables collected in this study. Minitab Release 13 for Windows was used to generate all descriptive statistics and perform the regression analyses and all comparisons and the factor analysis. Table 1 presents descriptive anthropometric statistics of older and young Mexican American women who participated in this study. Older and young male anthropometric characteristics are presented in Table 2 . Results from the regression analysis for older females is presented in Table 3 . Table 4 presents results from regression analysis for older males. Results from the two-sample t-test comparing older and young women, and older and young men are reported in Tables 5 and 6 respectively. Tables 7 and 8 present results of factor analyses for older females and older males respectively for 15 different anthropometric variables collected. Tables 9 and 10 present the equations which estimate the common factors after performance of a varimax rotation for older Mexican American females and males, respectively. Regression analysis results indicate that for older women, age had a significant effect on stature (po0:10) and sitting height (po0:05). For older men, age had a significant effect on stature (po0:05), sitting height (po0:05), maximum step height (ascending) (po0:1), and vertical and horizontal reach angles (po0:1).
Results
Results from cross-sectional comparisons of older and younger adults indicate that, for women (Table 5) , stature, vertical fingertip reach, vertical , horizontal lateral fingertip reach, horizontal grip reaches at 0 and 90 , horizontal lateral grip reach, maximum grip diameter, and maximum step height (ascending) were all not significantly different between older and young adults.
Factor analyses of 15 different anthropometric variables for older Mexican American females extracted 4 factors of the 15 accounting for almost 80% of the variability in the original data. For older Mexican American males, 3 extracted factors of the 15 account for almost 81% of the variability in the original data. This indicates that a few explanatory anthropometric factors (represented by the weighted equations presented in Tables 9  and 10 ) sufficiently explain changes in functional anthropometric variables considered in this study.
Discussion
The objective of this cross-sectional study was to determine if age affected functional reach abilities The present study is cross-sectional and can only detect inter-individual and cohort differences due to aging at a specific point in time. This study does not measure intra-individual decline in study variables over a period of time. In addition, cross-sectional comparisons in this study with the younger female and male cohorts is limited by the sample sizes for young females and males. Also, the present study was based on a convenience sample of older adults who visit senior recreation centers. Hence, older Mexican American adults who do not have an opportunity to visit senior recreation centers either due to disability or due to a lack of availability of transportation, were not included in the study-their functional anthropometry decline and the consequent effect on task performance in activities of daily living can be an important aspect in the disablement model development process.
Conclusions
Accommodating age related changes in functional reach abilities is vital for increasing functional independence of older adults. It is important for engineering designers, especially, product designers, and designers in the housing and construction industries to consider functional capabilities and limitations of older adults when designing products of daily use, and daily living environments. Self-reported performance indicators for activities of daily living show that older Mexican Americans report greater levels of difficulty in performing activities of daily living, especially in tasks that involve reaching for task initiation, performance and completion, than any other older adult group in the United States. This difficulty may be mediated not only by various physical impairments, and psychological and social factors, but, also with environmental factors including workspace design variables, and with inherent declines in functional performance abilities. A better understanding of the mechanisms underlying this decline, and quantification of this decline with age, will result in better products and design for the older adult.
